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We present a comprehensive update of the bounds on R-Parity violating supersymmetric
couplings from lepton-flavour- and lepton-number-violating decay processes. We consider τ
and µ decays as well as leptonic and semi-leptonic decays of mesons. We present several
new bounds resulting from τ , η and Kaon decays and correct some results in the literature
concerning B-meson decays.
I. INTRODUCTION
When extending the symmetries of the Standard Model of particle physics (SM) [1, 2] to include
supersymmetry [3], the Yukawa couplings are fixed by the renormalisable superpotential [4, 5]































































Here, i, j, k = 1, 2, 3 are generation indices, a, b = 1, 2 are SU(2) and r, s, t = 1, 2, 3 are SU(3)
indices. L, E¯ denote the lepton doublet and singlet left-chiral superfields; Q, U¯ , D¯ denote the
quark doublet and singlet superfields, respectively. hE , hD, hU , λ, λ′, λ′′ are dimensionless cou-
pling constants and µ, κ are mass mixing parameters.
Together the operators in W 6L6P6 and W
6B
6P6 lead to rapid proton decay in disagreement with the
experimental lower bounds on the proton lifetime [6]. A possible solution to this problem is
to introduce the discrete Z6 symmetry, proton hexality, P6 [7], which prohibits both W
6L
6P6 and
2W 6B6P6 , as well the dangerous dimension-5 proton decay operators [4, 8]; this is the minimal
supersymmetric Standard Model (MSSM) [9]. (Note that the widely used discrete Z2 symmetry
R-parity does not prohibit the dimension-five proton decay operators.) However, in order to
stabilize the proton it is sufficient to prohibit either the superpotential W 6L6P6 via baryon-triality
[10, 11] or the superpotential W 6B6P6 via lepton-parity [10]. Lepton-parity is not discrete gauge
anomaly-free [12] and we thus disregard it in the following. Baryon-parity has the further
advantage of allowing for non-zero neutrino masses without the need for right-handed neutrinos.




We shall focus exclusively on the tri-linear couplings. At any given scale the bi-linear terms
κiLiH2 can be rotated away through a basis redefinition [13]. This is not true, when embedding
the theory in a more unified model, e.g. supergravity [14, 15]. However, at MP l the natural
value is κi = 0 [15], which leads to κi ≪MW at low-energy. Thus the bi-linear terms are mainly
relevant for neutrino masses, see for example [11, 16], and we shall neglect them in the following.
The tri-linear operators in W 6L6P6 , lead to novel supersymmetric collider signatures beyond those
of the MSSM [17]. In particular, the operators in W 6L6P6 induce lepton flavour violation (LFV) as
well as lepton number violation, neither of which has been observed [18].
There is an extensive literature on the resulting bounds on the operators W 6L6P6 from indirect
processes, see e.g. Refs. [13, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30], including also several
overviews [31, 32, 33, 34, 35, 36, 37, 38]. However, due to the improved data in particular on
B-meson and τ decays, it is the purpose of this paper to present a systematic update of the
bounds resulting from lepton decays as well as leptonic and semi-leptonic decays of mesons. In
the process, we have found several new bounds resulting from τ , η and Kaon decays. We have
also found a need to correct some results in the literature with respect to B-meson decays.
Our paper is organized as follows. In Sect. II A we start from an effective Lagrangian, where the
supersymmetric scalar fermions have been integrated out and then present the treatment of the
QCD bound state in Sect. IIB. General analytic expressions for the decay rates of the various
lepton and meson decays are shown in Sect. IIC . In Sect. III, we insert the present experimental
results into the analytical expressions to obtain our new bounds. These are summarized in
Tables II - XII. In Sect. IV, we discuss the implications of our results. Formulæ for the meson




Because the sfermions are constrained to be heavy, mν˜,q˜ & 100 GeV ≫MB (this work does not
consider the decays of particles heavier than B mesons), we approximate their propagators as
static 1/m2
f˜
. This is equivalent to integrating out the sfermionic degrees of freedom to obtain an



















































where (II.6) and (II.7) result from integrating out the sneutrino fields, and (II.8) and (II.9)
result from integrating out the up–type and down–type squark fields respectively, using some
Fierz identities. The index g denotes the generation. There are additional terms in the effective
Lagrangian which arise when integrating out the charged sleptons, which we do not consider
here: For the product of two LLE¯ or an LLE¯ and an LQD¯ operator, these lead to neutrinos in
the final state. Thus lepton flavour violation is not observable in the resulting lepton or meson
decays; for the product of two LQD¯ operators, the resulting meson decays are purely hadronic.
In the following, we shall assume that the decay is dominated by the exchange of a sfermion of a
single generation, either because it is lighter than the others or because it has a larger product
of couplings (the double coupling dominance convention). Subsequent expressions with an index
g are thus implicitly for only one value of g, though one may always deduce the general result









It is also assumed in this paper that the sneutrino–higgsino and squark mixing can be neglected.
Such mixings just add to the notational burden. If one insists on accounting for mixing, one






gyλ′ylm/m2u˜g |2 etc. for squark
mixing matrices U , with a similar expression for mixing between the sneutrinos and Higgses.
4B. Meson decay constants
The decay constant, fV , of a vector meson V with momentum pV is defined as
〈0|q¯αγµqβ|V (pV )〉 = HαβV fVmV ǫµV , (II.10)
where ǫµV is the polarization vector of V , mV is the vector meson mass, and H
αβ
V is the coefficient







For a pseudoscalar meson P , we use the PCAC condition [40] and define the decay constant fP
through the axial vector matrix element
〈0|q¯αγµγ5qβ|P (pP )〉 = iHαβP fPpµP , (II.11)
where HαβP is the analogue of H
αβ
V . As described in Appendix A, the equation of motion for the
quark fields can be used to derive the pseudoscalar matrix element from the axial vector matrix
element (II.11). We find






The factor µαβP is proportional to the sum of current quark masses mα and mβ, e.g. µ
uu
pi0 = −2mu
and µddpi0 = 2md. For the proper definition of µ
αβ
P , a list of the coefficients H
αβ
P/V and more details
see Appendix A.
C. Decay rates
The Feynman graphs and matrix elements for the various decays considered in this paper are
given in Appendix B. Upon squaring the matrix elements, summing over the final spin states
and averaging over the initial spin states, we arrive at the following expressions for the decay
widths:



















where we approximate the final state (anti–)leptons as massless.
5• For a heavy lepton i decaying into a lepton k and a vector meson consisting of valence quark





∣∣∣2 (m2li −m2V )2
512πm4u˜g















∣∣∣2 (m2li −m2V )2
512πm4
d˜g











where we have introduced the notation
∑
d–type to mean only summing over the down–type
quarks in the meson and
∑
u–type to mean summing over the up–type quarks.
• For a heavy lepton i decaying into a lepton k and a pseudoscalar meson consisting of valence



































































• For a vector meson V decaying into a lepton of generation k′ and an anti–lepton of generation







∣∣∣2 (m2V −m2li′ )2
768πm4u˜g

















∣∣∣2 (m2V −m2li′ )2
768πm4
d˜g










6• For a pseudoscalar meson P decaying into a lepton of generation k′ and an anti–lepton of














































































We assume for simplicity the double coupling dominance hypothesis, that the bounds from any
one experimental result are applied to only one product of couplings.
The input values for the various fermion and meson masses and decay constants are listed in
Table I. All the fP values and masses were taken from the 2006 edition of Review of Particle
Physics by the Particle Data Group (PDG) [18]. The fV values were calculated from V→e+e−
according to




f2V cV , (III.24)
where cV are factors determined by the electric charge of the quarks that built up the meson [41].
The experimental results on lifetimes, decay widths and branching fractions are also taken from
the 2006 review of the PDG [18].
In Tables II, III and IV we present what may be considered the most interesting results of our
analysis. The coupling combinations which had no bounds previously are collected in Table II.
Those combinations which have improved by a factor of 30 or more are presented in Table III,
and the cases where the new combined bound is better than the previously published product of
individual bounds are presented in Table IV. Here and in the following, the symbol [f˜ ] denotes
mf˜/(100 GeV), i.e. the sfermion mass in units of 100 GeV. This also indicates the mediating
7sfermion for the decay. The superscript †(−) in Table II indicates that this bound comes from
a decay which involves a difference of couplings, so there could be a cancellation which would
lead to the double coupling dominance hypothesis giving an excessively tight bound. While we
also include very loose bounds in our listings, we note that couplings λ >∼ O(2π) would imply a
breakdown of our perturbative analysis.





have been arranged so that the number made from reading off the indices of the couplings to
make a six–digit number ijklmn ascends.
In the rightmost columns of Tables V to XV, “New” indicates a previously unpublished result
(see also Table II), “Upd.” indicates that the bound has been updated and tightened in this
paper, “Agr.” indicates that the bound has not changed and we agree with the previously pub-
lished result [42], and “Unimp.” indicates that our bound from decay data is less strong than the
previously published result, which in these cases is from a different experimental source (e.g. the
non–observation of µ→e in 48T i gives a better bound on λ121λ′111ν˜21 than that of π0→eµ¯).
“Corr.” indicates that we disagree with the previously published result [43], “Corr.(<)” indi-
cating that our result is stronger than the incorrect previous bound and “Corr.(>)” indicating
that our result is less strong. The reference in this column gives the previous published bound.
Where two references are given, the comparison is between our bound on a product of two
couplings and the product of the bounds on individual couplings.
Note that the B → ll¯ decays can proceed through Standard Model interactions [51]. However,
the SM contribution is suppressed by a small CKM matrix element and by the decay only arising
at one–loop level and has thus been neglected in our analysis.
IV. DISCUSSION
The bounds presented here generally update those presented in the literature, with the noted
disagreement with some of the bounds coming from the B meson data. Many bounds have been
improved, some through tighter experimental decay bounds like those from τ decays, others
through using τ→KSl− instead of τ→K0l−, which also leads to some previously unpublished
bounds. The η decay data was also previously unpublished, but does not seem particularly
useful, with bounds of order 102f˜2. The decay τ→ηl− seems to give previously unpublished
bounds too, which are more stringent. The decay τ→φl− leads to bounds which are less strong
8than those from τ→ηl−. Note, however, that τ→φl− is free from potential interference effects
induced by the coupling of the mediating squark to both down and strange quarks.
Assuming that the sfermion masses are of order 100 GeV and taking the square root of the bound
on a coupling product to be a rough guide to the bound on each coupling gives an estimate of
the couplings λ being of order 0.01, apart from the very tight bounds from the non–observation
of µ→eee¯. The bounds on the couplings λ′ vary considerably, though those involving a third
generation quark are consistently of order 0.01. Since these come from B meson decays, they
are likely to become even tighter with more data from B factories.
9Pseudoscalar Mass fP Fundamental Mass
meson (in GeV) (in GeV) fermion (in GeV)
π0 0.135 0.130 e 5.11×10−4
KS 0.498 0.160 µ 0.106
KL 0.498 0.160 τ 1.777
η 0.548 0.130 u 3×10−3
η′ 0.958 0.172 d 6×10−3
D0 1.86 0.25 s 0.11
Bd 5.28 0.2 c 1.25
Bs 5.37 0.2 b 4.3
Vector Mass fV





TABLE I: Input parameters.




















λ′1g1λ′3g2 2.3×10−3 [u˜gL]2 τ→eKS
λ′1g2λ′2g2 1.5×10+2 [u˜gL]2 η→µe¯+ eµ¯
λ′1g2λ′3g2 †(−) 1.2×10−3 [u˜gL]2 τ→eη
λ′1g2λ′3g2 3.4×10−3 [u˜gL]2 τ→eφ
λ′2g1λ′3g2 2.4×10−3 [u˜gL]2 τ→µKS
λ′2g2λ′3g2 †(−) 1.6×10−3 [u˜gL]2 τ→µη
λ′2g2λ′3g2 3.4×10−3 [u˜gL]2 τ→µφ
TABLE II: Coupling combinations which had no bounds previous to this work. The notation is explained
in Sect. IV
10
Coupling From this work Previously published
combination Bound Decay Bound Decay Key
λg13 λ
′


















g11 6.7×10−5 [ν˜gL]2 τ→µη 1.7×10−3 [ν˜gL]2 τ→µη Upd. [45]
λg23 λ
′




TABLE III: Coupling combinations which have improved by a factor of 30 or more compared to those
published before this work.
Coupling From this work Previously published
combination Bound Decay Bound Decay Key
λ′11g λ′31g 1.2×10−3 [d˜Rg]2 τ→eπ0 0.02 [d˜Rg ] APV in Cs Upd. [38],
×0.12 [d˜Rg ] τ→pi−νpi−→µν¯ [38]
λ′12g λ′21g 9.0×10−3 [d˜Rg]2 D0→µe¯ 0.21 [d˜Rg ] AcFB Upd. [38],
×5.9 ×10−2 [d˜Rg ] pi−→eν¯pi−→µν¯ [36]
TABLE IV: Coupling combinations where the combined bound is now better than the product of the
individual bounds.
11
(λijk λlmn) From this work Previously published
ijk lmn Bound Decay Bound Key
121 123 7.0×10−4 [ν˜L1]2 τ→µeµ¯ 2.1×10−3 [ν˜L1]2 Upd. [47]
121 131 6.8×10−4 [ν˜L1]2 τ→µee¯ 2.0×10−3 [ν˜L1]2 Upd. [47]
121 132 5.6×10−4 [ν˜L1]2 τ→µµe¯ 1.9×10−3 [ν˜L1]2 Upd. [47]
122 123 6.8×10−4 [ν˜L1]2 τ→µµµ¯ 2.2×10−3 [ν˜L1]2 Upd. [47]
122 131 7.0×10−4 [ν˜L1]2 τ→µeµ¯ 2.1×10−3 [ν˜L1]2 Upd. [47]
122 132 6.8×10−4 [ν˜L1]2 τ→µµµ¯ 2.2×10−3 [ν˜L1]2 Upd. [47]
211 212 6.6×10−7 [ν˜L2]2 µ→eee¯ 6.6×10−7 [ν˜L2]2 Agr. [21]
211 213 7.0×10−4 [ν˜L2]2 τ→eee¯ 2.7×10−3 [ν˜L2]2 Upd. [47]
211 231 7.0×10−4 [ν˜L2]2 τ→eee¯ 2.7×10−3 [ν˜L2]2 Upd. [47]
211 232 6.8×10−4 [ν˜L2]2 τ→µee¯ 2.0×10−3 [ν˜L2]2 Upd. [47]
212 213 6.8×10−4 [ν˜L2]2 τ→µee¯ 2.0×10−3 [ν˜L2]2 Upd. [47]
212 231 5.2×10−4 [ν˜L2]2 τ→eeµ¯ 1.9×10−3 [ν˜L2]2 Upd. [47]
212 232 7.0×10−4 [ν˜L2]2 τ→µeµ¯ 2.1×10−3 [ν˜L2]2 Upd. [47]
311 312 6.6×10−7 [ν˜L3]2 µ→eee¯ 6.6×10−7 [ν˜L2]2 Agr. [21]
311 313 7.0×10−4 [ν˜L3]2 τ→eee¯ 2.7×10−3 [ν˜L3]2 Upd. [47]
311 321 6.6×10−7 [ν˜L3]2 µ→eee¯ 6.6×10−7 [ν˜L2]2 Agr. [21]
311 323 6.8×10−4 [ν˜L3]2 τ→µee¯ 2.0×10−3 [ν˜L3]2 Upd. [47]
312 313 6.8×10−4 [ν˜L3]2 τ→µee¯ 2.0×10−3 [ν˜L3]2 Upd. [47]
312 323 5.6×10−4 [ν˜L3]2 τ→µµe¯ 1.9×10−3 [ν˜L3]2 Upd. [47]
313 321 5.2×10−4 [ν˜L3]2 τ→eeµ¯ 1.9×10−3 [ν˜L3]2 Upd. [47]
313 322 7.0×10−4 [ν˜L3]2 τ→µeµ¯ 2.1×10−3 [ν˜L3]2 Upd. [47]
321 323 7.0×10−4 [ν˜L3]2 τ→µeµ¯ 2.1×10−3 [ν˜L3]2 Upd. [47]
322 323 6.8×10−4 [ν˜L3]2 τ→µµµ¯ 2.2×10−3 [ν˜L3]2 Upd. [47]
TABLE V: Bounds on (λijkλlmn): all but those from µ→eee¯ are updated from reference [47]. The




lmn) From this work Previously published
ijk lmn Bound Decay Bound Decay Key
121 111 1.2 ×10−2 [ν˜L1]2 π0→eµ¯ 2.1×10−8 [ν˜L1]2 µ→e in 48Ti Unimp. [48]
0.39 [ν˜L1]





121 112 6.7 ×10−9 [ν˜L1]2 K0L→µe¯/eµ¯ 6 ×10−9 [ν˜L1]2 K0L→µe¯/eµ¯ †(−) Agr. [26]
121 113 1.3 ×10−5 [ν˜L1]2 B0d→µe¯ 2.3×10−5 [ν˜L1]2 B0d→µe¯ Corr.(<) [27]
121 121 6.7 ×10−9 [ν˜L1]2 K0L→µe¯/eµ¯ 6 ×10−9 [ν˜L1]2 K0L→µe¯/eµ¯ †(−) Agr. [26]
121 122 2.1 [ν˜L1]
2 η→µe¯ + eµ¯ none n/a New
3.6 ×10+4 [ν˜L1]2 η′→µe¯/eµ¯
121 123 7.6 ×10−5 [ν˜L1]2 B0s→µe¯ 4.7×10−5 [ν˜L1]2 B0s→µe¯ Corr.(>) [27]
121 131 1.3 ×10−5 [ν˜L1]2 B0d→eµ¯ 2.3×10−5 [ν˜L1]2 B0d→eµ¯ Corr.(<) [27]
121 132 7.6 ×10−5 [ν˜L1]2 B0s→eµ¯ 4.7×10−5 [ν˜L1]2 B0s→eµ¯ Corr.(>) [27]
122 113 6.2 ×10−6 [ν˜L1]2 B0d→µµ¯ 1.5×10−5 [ν˜L1]2 B0d→µµ¯ Corr.(<) [27]
122 123 1.2 ×10−5 [ν˜L1]2 B0s→µµ¯ 1.7×10−5 [ν˜L1]2 B0d→K0µµ¯ Upd. [30]
122 131 6.2 ×10−6 [ν˜L1]2 B0d→µµ¯ 1.5×10−5 [ν˜L1]2 B0d→µµ¯ Corr.(<) [27]
122 132 1.2 ×10−5 [ν˜L1]2 B0s→µµ¯ 1.8×10−5 [ν˜L1]2 B0d→K0µµ¯ Upd. [30]
123 111 6.7 ×10−5 [ν˜L1]2 τ→µη 1.7×10−3 [ν˜L1]2 τ→µη Upd. [45]
1.0 ×10−3 [ν˜L1]2 τ→µπ0
123 112 1.0 ×10−3 [ν˜L1]2 τ→µKS none n/a New
123 113 2.2 ×10−4 [ν˜L1]2 B0d→µτ¯ 6.2×10−4 [ν˜L1]2 B0d→µτ¯ Corr.(<) [27]
123 121 1.0 ×10−3 [ν˜L1]2 τ→µKS 7.6×10−2 [ν˜L1]2 τ→µK0 Upd. [45]
123 122 3.7 ×10−4 [ν˜L1]2 τ→µη 1.7×10−2 [ν˜L1]2 τ→µη Upd. [45]
123 131 2.2 ×10−4 [ν˜L1]2 B0d→τµ¯ 6.2×10−4 [ν˜L1]2 B0d→µτ¯ Corr.(<) [27]
131 111 8.5 ×10−5 [ν˜L1]2 τ→eη 1.6×10−3 [ν˜L1]2 τ→eη Upd. [45]
7.1 ×10−4 [ν˜L1]2 τ→eπ0
131 112 9.7 ×10−4 [ν˜L1]2 τ→eKS 8.5×10−2 [ν˜L1]2 τ→eK0 Upd. [45]
131 113 3.7 ×10−4 [ν˜L1]2 B0d→τ e¯ 4.9×10−4 [ν˜L1]2 B0d→τ e¯ Corr.(<) [27]
131 121 9.7 ×10−4 [ν˜L1]2 τ→eKS none n/a New
131 122 4.6 ×10−4 [ν˜L1]2 τ→eη 1.6×10−2 [ν˜L1]2 τ→eη Upd. [45]
131 131 3.7 ×10−4 [ν˜L1]2 B0d→eτ¯ 4.9×10−4 [ν˜L1]2 B0d→eτ¯ Corr.(<) [27]






lmn) From this work Previously published
ijk lmn Bound Decay Bound Decay Key
132 111 6.7 ×10−5 [ν˜L1]2 τ→µη 1.7×10−3 [ν˜L1]2 τ→µη Upd. [45]
1.0 ×10−3 [ν˜L1]2 τ→µπ0
132 112 1.0 ×10−3 [ν˜L1]2 τ→µKS 7.6×10−2 [ν˜L1]2 τ→µK0 Upd. [45]
132 113 2.2 ×10−4 [ν˜L1]2 B0d→τµ¯ 6.2×10−4 [ν˜L1]2 B0d→µτ¯ Corr.(<) [27]
132 121 1.0 ×10−3 [ν˜L1]2 τ→µKS none n/a New
132 122 3.7 ×10−4 [ν˜L1]2 τ→µη 1.7×10−2 [ν˜L1]2 τ→µη Upd. [45]
132 131 2.2 ×10−4 [ν˜L1]2 B0d→µτ¯ 6.2×10−4 [ν˜L1]2 B0d→µτ¯ Corr.(<) [27]
211 213 4.1 ×10−5 [ν˜L2]2 B0d→ee¯ 1.7×10−5 [ν˜L2]2 B0d→ee¯ Corr.(>) [27]
211 223 2.3 ×10−4 [ν˜L2]2 B0s→ee¯ 1.4×10−4 [ν˜L2]2 B0d→K0ee¯ Unimp. [30]
211 231 4.1 ×10−5 [ν˜L2]2 B0d→ee¯ 1.7×10−5 [ν˜L2]2 B0d→ee¯ Corr.(>) [27]
211 232 2.3 ×10−4 [ν˜L2]2 B0s→ee¯ 2.3×10−5 [ν˜L2]2 B0d→K0ee¯ Unimp. [30]
212 211 1.2 ×10−2 [ν˜L2]2 π0→eµ¯ 2.1×10−8 [ν˜L2]2 µ→e in 48Ti Unimp. [48]
0.38 [ν˜L2]





212 212 6.7 ×10−9 [ν˜L2]2 K0L→µe¯/eµ¯ 6 ×10−9 [ν˜L2]2 K0L→µe¯/eµ¯ †(−) Agr. [26]
212 213 1.3 ×10−5 [ν˜L2]2 B0d→eµ¯ 2.3×10−5 [ν˜L2]2 B0d→eµ¯ Corr.(>) [27]
212 221 6.7 ×10−9 [ν˜L2]2 K0L→µe¯/eµ¯ 6 ×10−9 [ν˜L2]2 K0L→µe¯/eµ¯ †(−) Agr. [26]
212 222 2.1 [ν˜L2]
2 η→µe¯ + eµ¯ none n/a New
3.6 ×10+4 [ν˜L2]2 η′→µe¯/eµ¯
212 223 7.6 ×10−5 [ν˜L2]2 B0s→eµ¯ 4.7×10−5 [ν˜L2]2 B0s→eµ¯ Corr.(>) [27]
212 231 1.3 ×10−5 [ν˜L2]2 B0d→µe¯ 2.3×10−5 [ν˜L2]2 B0d→µe¯ Corr.(<) [27]
212 232 7.6 ×10−5 [ν˜L2]2 B0s→µe¯ 4.7×10−5 [ν˜L2]2 B0s→eµ¯ Corr.(>) [27]
213 211 8.5 ×10−5 [ν˜L2]2 τ→eη 1.6×10−3 [ν˜L2]2 τ→eη Upd. [45]
7.1 ×10−4 [ν˜L2]2 τ→eπ0
213 212 9.7 ×10−4 [ν˜L2]2 τ→eKS none n/a New
213 213 3.7 ×10−4 [ν˜L2]2 B0d→eτ¯ 4.9×10−4 [ν˜L2]2 B0d→eτ¯ Corr.(<) [27]
213 221 9.7 ×10−4 [ν˜L2]2 τ→eKS 8.5×10−2 [ν˜L2]2 τ→eK0 Upd. [45]
213 222 4.6 ×10−4 [ν˜L2]2 τ→eη 1.6×10−2 [ν˜L2]2 τ→eη Upd. [45]
213 231 3.7 ×10−4 [ν˜L2]2 B0d→τ e¯ 4.9×10−4 [ν˜L2]2 B0d→τ e¯ Corr.(<) [27]






lmn) From this work Previously published
ijk lmn Bound Decay Bound Decay Key
231 211 8.5 ×10−5 [ν˜L2]2 τ→eη 1.6×10−3 [ν˜L2]2 τ→eη Upd. [45]
7.1 ×10−4 [ν˜L2]2 τ→eπ0
231 212 9.7 ×10−4 [ν˜L2]2 τ→eKS 8.5×10−2 [ν˜L2]2 τ→eK0 Upd. [45]
231 213 3.7 ×10−4 [ν˜L2]2 B0d→τ e¯ 4.9×10−4 [ν˜L2]2 B0d→τ e¯ Corr.(<) [27]
231 221 9.7 ×10−4 [ν˜L2]2 τ→eKS none n/a New
231 222 4.6 ×10−4 [ν˜L2]2 τ→eη 1.6×10−2 [ν˜L2]2 τ→eη Upd. [45]
231 231 3.7 ×10−4 [ν˜L2]2 B0d→eτ¯ 4.9×10−4 [ν˜L2]2 B0d→eτ¯ Corr.(<) [27]
232 211 6.7 ×10−5 [ν˜L2]2 τ→µη 1.7×10−3 [ν˜L2]2 τ→µη Upd. [45]
1.0 ×10−3 [ν˜L2]2 τ→µπ0
232 212 1.0 ×10−3 [ν˜L2]2 τ→µKS 7.6×10−2 [ν˜L2]2 τ→µK0 Upd. [45]
232 213 2.2 ×10−4 [ν˜L2]2 B0d→τµ¯ 6.2×10−4 [ν˜L2]2 B0d→µτ¯ Corr.(<) [27]
232 221 1.0 ×10−3 [ν˜L2]2 τ→µKS none n/a New
232 222 3.7 ×10−4 [ν˜L2]2 τ→µη 1.7×10−2 [ν˜L2]2 τ→µη Upd. [45]
232 231 2.2 ×10−4 [ν˜L2]2 B0d→µτ¯ 6.2×10−4 [ν˜L2]2 B0d→µτ¯ Corr.(<) [27]
311 313 4.1 ×10−5 [ν˜L3]2 B0d→ee¯ 1.7×10−5 [ν˜L2]3 B0d→ee¯ Corr.(>) [27]
311 323 2.3 ×10−4 [ν˜L3]2 B0s→ee¯ 2.3×10−5 [ν˜L3]2 B0d→K0ee¯ Unimp. [30]
311 331 4.1 ×10−5 [ν˜L3]2 B0d→ee¯ 1.7×10−5 [ν˜L3]2 B0d→ee¯ Corr.(>) [27]
311 332 2.3 ×10−4 [ν˜L3]2 B0s→ee¯ 2.3×10−5 [ν˜L3]2 B0d→K0ee¯ Unimp. [30]
312 311 1.2 ×10−2 [ν˜L3]2 π0→eµ¯ 2.1×10−8 [ν˜L3]2 µ→e in 48Ti Unimp. [48]
0.38 [ν˜L3]





312 312 6.7 ×10−9 [ν˜L3]2 K0L→µe¯/eµ¯ 6 ×10−9 [ν˜L1]3 K0L→µe¯/eµ¯ †(−) Agr. [26]
312 313 1.3 ×10−5 [ν˜L3]2 B0d→eµ¯ 2.3×10−5 [ν˜L3]2 B0d→eµ¯ Corr.(<) [27]
312 321 6.7 ×10−9 [ν˜L3]2 K0L→µe¯/eµ¯ 6 ×10−9 [ν˜L1]3 K0L→µe¯/eµ¯ †(−) Agr. [26]
312 322 2.1 [ν˜L3]
2 η→µe¯ + eµ¯ none n/a New
3.6 ×10+4 [ν˜L3]2 η′→µe¯/eµ¯
312 323 7.6 ×10−5 [ν˜L3]2 B0s→eµ¯ 4.7×10−5 [ν˜L3]2 B0s→eµ¯ Corr.(>) [27]
312 331 1.3 ×10−5 [ν˜L3]2 B0d→µe¯ 2.3×10−5 [ν˜L3]2 B0d→µe¯ Corr.(<) [27]
312 332 7.6 ×10−5 [ν˜L3]2 B0s→µe¯ 4.7×10−5 [ν˜L3]2 B0s→µe¯ Corr.(>) [27]






lmn) From this work Previously published
ijk lmn Bound Decay Bound Decay Key
313 311 8.5 ×10−5 [ν˜L3]2 τ→eη 1.6×10−3 [ν˜L1]2 τ→eη Upd. [45]
7.1 ×10−4 [ν˜L3]2 τ→eπ0
313 312 9.7 ×10−4 [ν˜L3]2 τ→eKS none n/a New
313 313 3.7 ×10−4 [ν˜L3]2 B0d→eτ¯ 4.9×10−4 [ν˜L3]2 B0d→eτ¯ Corr.(<) [27]
313 321 9.7 ×10−4 [ν˜L3]2 τ→eKS 8.5×10−2 [ν˜L3]2 τ→eK0 Upd. [45]
313 322 4.6 ×10−4 [ν˜L3]2 τ→eη 1.6×10−2 [ν˜L3]2 τ→eη Upd. [45]
313 331 3.7 ×10−4 [ν˜L3]2 B0d→τ e¯ 4.9×10−4 [ν˜L3]2 B0d→τ e¯ Corr.(<) [27]
321 311 1.2 ×10−2 [ν˜L3]2 π0→eµ¯ 2.1×10−8 [ν˜L3]2 µ→e in 48Ti Unimp. [48]
0.38 [ν˜L3]
2 η→µe¯ + eµ¯
0.41 [ν˜L3]
2 π0→µe¯
321 311 16 [ν˜L3]
2 η′→µe¯/eµ¯
321 312 6.7 ×10−9 [ν˜L3]2 K0L→µe¯/eµ¯ 6 ×10−9 [ν˜L1]3 K0L→µe¯/eµ¯ †(−) Agr. [26]
321 313 1.3 ×10−5 [ν˜L3]2 B0d→µe¯ 2.3×10−5 [ν˜L3]2 B0d→µe¯ Corr.(<) [27]
321 321 6.7 ×10−9 [ν˜L3]2 K0L→µe¯/eµ¯ 6 ×10−9 [ν˜L1]3 K0L→µe¯/eµ¯ †(−) Agr. [26]
321 322 2.1 [ν˜L3]
2 η→µe¯ + eµ¯ none n/a New
3.6 ×10+4 [ν˜L3]2 η′→µe¯/eµ¯
321 323 7.6 ×10−5 [ν˜L3]2 B0s→µe¯ 4.7×10−5 [ν˜L3]2 B0s→µe¯ Corr.(>) [27]
321 331 1.3 ×10−5 [ν˜L3]2 B0d→eµ¯ 2.3×10−5 [ν˜L3]2 B0d→eµ¯ Corr.(<) [27]
321 332 7.6 ×10−5 [ν˜L3]2 B0s→eµ¯ 4.7×10−5 [ν˜L3]2 B0s→eµ¯ Corr.(>) [27]
322 313 6.2 ×10−6 [ν˜L3]2 B0d→µµ¯ 1.5×10−5 [ν˜L3]2 B0d→µµ¯ Corr.(<) [27]
322 323 1.2 ×10−5 [ν˜L3]2 B0s→µµ¯ 1.7×10−5 [ν˜L3]2 B0d→K0µµ¯ Upd. [30]
322 331 6.2 ×10−6 [ν˜L3]2 B0d→µµ¯ 1.5×10−5 [ν˜L3]2 B0d→µµ¯ Corr.(<) [27]
322 332 1.2 ×10−5 [ν˜L3]2 B0s→µµ¯ 1.8×10−5 [ν˜L1]3 B0d→K0µµ¯ Upd. [30]
323 311 6.7 ×10−5 [ν˜L3]2 τ→µη 1.7×10−3 [ν˜L3]2 τ→µη Upd. [45]
1.0 ×10−3 [ν˜L3]2 τ→µπ0
323 312 1.0 ×10−3 [ν˜L3]2 τ→µKS none n/a New
323 313 2.2 ×10−4 [ν˜L3]2 B0d→µτ¯ 6.2×10−4 [ν˜L3]2 B0d→µτ¯ Corr.(<) [27]
323 321 1.0 ×10−3 [ν˜L3]2 τ→µKS 7.6×10−2 [ν˜L3]2 τ→µK0 Upd. [45]
323 322 3.7 ×10−4 [ν˜L3]2 τ→µη 1.7×10−2 [ν˜L3]2 τ→µη Upd. [45]
323 331 2.2 ×10−4 [ν˜L3]2 B0d→τµ¯ 6.2×10−4 [ν˜L3]2 B0d→µτ¯ Corr.(<) [27]




(λ′ijk λ′lmn) From this work Previously published
ijk lmn Bound Decay Bound Decay Key
111 113 2.6 ×10−2 [u˜L1]2 B0d→ee¯ 0.03 [u˜L1] APV in Cs Unimp. [38],
×0.18 [u˜L1] AbFB [38]
111 211 0.36 [d˜R1]
2 π0→eµ¯ 4.5 ×10−8 [d˜R1]2 µ→e in 48Ti Unimp. [48]
11 [d˜R1]
2 π0→µe¯
1.5 ×10+2 [d˜R1]2 η→µe¯+ eµ¯
1.9 ×10+4 [d˜R1]2 η′→µe¯/eµ¯
111 211 0.36 [u˜L1]
2 π0→eµ¯ 4.3 ×10−8 [u˜L1]2 µ→e in 48Ti Unimp. [48]
11 [u˜L1]
2 π0→µe¯
1.5 ×10+2 [u˜L1]2 η→µe¯+ eµ¯
1.9 ×10+4 [u˜L1]2 η′→µe¯
111 212 2.7 ×10−7 [u˜L1]2 K0L→µe¯/eµ¯ 3 ×10−7 [u˜L1]2 K0L→µe¯/eµ¯ †(−) Agr. [26]
111 213 1.6 ×10−3 [u˜L1]2 B0d→eµ¯ 4.7 ×10−3 [u˜L1]2 B0d→eµ¯ Upd. [27]
111 221 2.8 ×10−2 [d˜R1]2 D0→eµ¯ 0.02 [d˜R1] APV in Cs Unimp. [38],
×0.21 [d˜R1] τ→pi−νpi−→µν¯ [49]
111 311 1.2 ×10−3 [d˜R1]2 τ→eπ0 0.02 [d˜R1] APV in Cs Upd. [38],
×0.12 [d˜R1] τ→pi−νpi−→µν¯ [38]
2.0 ×10−3 [d˜R1]2 τ→eη
2.4 ×10−3 [d˜R1]2 τ→eρ0
111 311 1.2 ×10−3 [u˜L1]2 τ→eπ0 2.4 ×10−3 [u˜L1]2 τ→eρ0 Upd. [45]
2.0 ×10−3 [u˜L1]2 τ→eη †(−)
2.4 ×10−3 [u˜L1]2 τ→eρ0
111 312 2.3 ×10−3 [u˜L1]2 τ→eKS none n/a New
3.6 ×10−3 [u˜L1]2 τ→eK¯∗0
111 313 2.7 ×10−3 [u˜L1]2 B0d→eτ¯ 5.9 ×10−3 [u˜L1]2 B0d→eτ¯ Upd. [27]
112 113 9.3 [u˜L1]
2 B0s→ee¯ 4.3 ×10−4 [u˜L1]2 b→see¯ Unimp. [28]
112 211 2.7 ×10−7 [u˜L1]2 K0L→µe¯/eµ¯ 3 ×10−7 [u˜L1]2 K0L→µe¯/eµ¯ †(−) Agr. [26]
112 212 0.36 [d˜R2]
2 π0→eµ¯ 4.5 ×10−8 [d˜R2]2 µ→e in 48Ti Unimp. [48]
1.1 [d˜R2]
2 π0→µe¯
1.6 ×10+2 [d˜R2]2 η→µe¯+ eµ¯
1.9 ×10+4 [d˜R2]2 η′→µe¯/eµ¯
TABLE X: Bounds on (λ′ijkλ′lmn).
17
(λ′ijk λ′lmn) From this work Previously published
ijk lmn Bound Decay Bound Decay Key
112 212 76 [u˜L1]
2 η→µe¯+ eµ¯ none n/a New
1.1 ×10+5 [u˜L1]2 η′→µe¯
112 213 9.4 ×10−3 [u˜L1]2 B0s→eµ¯ 2.7 ×10−4 [u˜L1]2 b→seµ¯ Unimp. [28]
112 222 2.8 ×10−2 [d˜R2]2 D0→eµ¯ 0.02 [d˜R2] APV in Cs Unimp. [38],
×0.21 [d˜R2] τ→pi−νpi−→µν¯ [49]
112 311 2.3 ×10−3 [u˜L1]2 τ→eKS 2.7 ×10−3 [u˜L1]2 τ→eK0∗ Upd. [45]
2.9 ×10−3 [u˜L1]2 τ→eK∗0
112 312 1.2 ×10−3 [d˜R2]2 τ→eπ0 0.02 [d˜R2] APV in Cs Upd. [38],
×0.12 [d˜R2] τ→pi−νpi−→µν¯ [38]
2.0 ×10−3 [d˜R2]2 τ→eη
2.4 ×10−3 [d˜R2]2 τ→eρ0
112 312 1.2 ×10−3 [u˜L1]2 τ→eη none n/a †(−) New
3.4 ×10−3 [u˜L1]2 τ→eφ
113 211 1.6 ×10−3 [u˜L1]2 B0d→µe¯ 4.7 ×10−3 [u˜L1]2 B0d→µe¯ Upd. [27]
113 212 9.4 ×10−3 [u˜L1]2 B0s→µe¯ 2.7 ×10−4 [u˜L1]2 b→sµe¯ Unimp. [28]
113 213 0.36 [d˜R3]
2 π0→eµ¯ 4.5 ×10−8 [d˜R3]2 µ→e in 48Ti Unimp. [48]
11 [d˜R3]
2 π0→µe¯
1.5 ×10+2 [d˜R3]2 η→µe¯+ eµ¯
1.9 ×10+4 [d˜R3]2 η′→µe¯/eµ¯
113 223 2.8 ×10−2 [d˜R3]2 D0→eµ¯ 0.02 [d˜R3] APV in Cs Unimp. [38],
×0.21 [d˜R3] τ→pi−νpi−→µν¯ [49]
113 311 2.7 ×10−3 [u˜L1]2 B0d→τ e¯ 5.9 ×10−3 [u˜L1]2 B0d→τ e¯ Upd. [27]
113 313 1.2 ×10−3 [d˜R3]2 τ→eπ0 0.02 [d˜R3] APV in Cs Upd. [38],
×0.12 [d˜R3] τ→pi−νpi−→µν¯ [38]
2.0 ×10−3 [d˜R3]2 τ→eη
2.4 ×10−3 [d˜R3]2 τ→eρ0
TABLE XI: Bounds on (λ′ijkλ′lmn) continued.
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(λ′ijk λ′lmn) From this work Previously published
ijk lmn Bound Decay Bound Decay Key
121 123 2.6 ×10−2 [u˜L2]2 B0d→ee¯ 0.03 [u˜L2] APV in Cs Unimp. [38],
×0.18 [u˜L2] AbFB [38]
121 211 9.0 ×10−3 [d˜R1]2 D0→µe¯ 0.21 [d˜R1] AcFB Upd. [38],
×5.9 ×10−2 [d˜R1] pi−→eν¯pi−→µν¯ [36]
121 221 1.6 [d˜R1]




121 221 0.36 [u˜L2]
2 π0→eµ¯ 4.3 ×10−8 [u˜L2]2 µ→e in 48Ti Unimp. [48]
11 [u˜L2]
2 π0→µe¯
1.5 ×10+2 [u˜L2]2 η→µe¯+ eµ¯
1.9 ×10+4 [u˜L2]2 η′→µe¯
121 222 2.7 ×10−7 [u˜L2]2 K0L→µe¯/eµ¯ 3 ×10−7 [u˜L2]2 K0L→µe¯/eµ¯ †(−) Agr. [26]
121 223 1.6 ×10−3 [u˜L2]2 B0d→eµ¯ 4.7 ×10−3 [u˜L2]2 B0d→eµ¯ Upd. [27]
121 321 5.9 [d˜R1]







121 321 1.2 ×10−3 [u˜L2]2 τ→eπ0 2.4 ×10−3 [u˜L2]2 τ→eρ0 Upd. [45]
2.0 ×10−3 [u˜L2]2 τ→eη †(−)
2.4 ×10−3 [u˜L2]2 τ→eρ0
121 322 2.3 ×10−3 [u˜L2]2 τ→eKS none n/a New
3.6 ×10−3 [u˜L2]2 τ→eK¯∗0
121 323 2.7 ×10−3 [u˜L2]2 B0d→eτ¯ 5.9 ×10−3 [u˜L2]2 B0d→eτ¯ Upd. [27]
122 123 4.1 [u˜L2]
2 B0s→ee¯ 4.3 ×10−4 [u˜L2]2 b→see¯ Unimp. [28]
122 212 9.0 ×10−3 [d˜R2]2 D0→µe¯ 0.21 [d˜R2] AcFB Upd. [38],
×5.9 ×10−2 [d˜R2] pi−→eν¯pi−→µν¯ [36]
122 221 2.7 ×10−7 [u˜L2]2 K0L→µe¯/eµ¯ 3 ×10−7 [u˜L2]2 K0L→µe¯/eµ¯ †(−) Agr. [26]
122 222 1.6 [d˜R2]




122 222 76 [u˜L2]
2 η→µe¯+ eµ¯ none n/a New
1.1 ×10+5 [u˜L2]2 η′→µe¯
TABLE XII: Bounds on (λ′ijkλ′lmn) continued.
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(λ′ijk λ′lmn) From this work Previously published
ijk lmn Bound Decay Bound Decay Key
122 223 9.4 ×10−3 [u˜L2]2 B0s→eµ¯ 2.7 ×10−4 [u˜L2]2 b→seµ¯ Unimp. [28]
122 321 2.3 ×10−3 [u˜L2]2 τ→eKS 2.7 ×10−3 [u˜L2]2 τ→eK0∗ Upd. [45]
2.9 ×10−3 [u˜L2]2 τ→eK∗0
122 322 5.9 [d˜R2]







122 322 1.2 ×10−3 [u˜L2]2 τ→eη none n/a †(−) New
3.4 ×10−3 [u˜L2]2 τ→eφ
123 213 9.0 ×10−3 [d˜R3]2 D0→µe¯ 0.21 [d˜R3] AcFB Upd. [38],
×5.9 ×10−2 [d˜R3] pi−→eν¯pi−→µν¯ [36]
123 221 1.6 ×10−3 [u˜L2]2 B0d→µe¯ 4.7 ×10−3 [u˜L2]2 B0d→µe¯ Upd. [27]
123 222 9.4 ×10−3 [u˜L2]2 B0s→µe¯ 2.7 ×10−4 [u˜L2]2 b→sµe¯ Unimp. [28]
123 223 1.6 [d˜R3]




123 321 2.7 ×10−3 [u˜L2]2 B0d→τ e¯ 5.9 ×10−3 [u˜L2]2 B0d→τ e¯ Upd. [27]
123 323 5.9 [d˜R3]







131 133 2.6 ×10−2 [u˜L3]2 B0d→ee¯ 0.03 [u˜L3] APV in Cs Unimp. [38],
×0.18 [u˜L3] AbFB [38]
131 231 0.36 [u˜L3]
2 π0→eµ¯ 4.3 ×10−8 [u˜L3]2 µ→e in 48Ti Unimp. [48]
11 [u˜L3]
2 π0→µe¯
1.5 ×10+2 [u˜L3]2 η→µe¯+ eµ¯
1.9 ×10+4 [u˜L3]2 η′→µe¯
131 232 2.7 ×10−7 [u˜L3]2 K0L→µe¯/eµ¯ 3 ×10−7 [u˜L3]2 K0L→µe¯/eµ¯ †(−) Agr. [26]
131 233 1.6 ×10−3 [u˜L3]2 B0d→eµ¯ 4.7 ×10−3 [u˜L3]2 B0d→eµ¯ Upd. [27]
131 331 1.2 ×10−3 [u˜L3]2 τ→eπ0 2.4 ×10−3 [u˜L3]2 τ→eρ0 Upd. [45]
2.0 ×10−3 [u˜L3]2 τ→eη †(−)
2.4 ×10−3 [u˜L3]2 τ→eρ0
131 332 2.3 ×10−3 [u˜L3]2 τ→eKS none n/a New
3.6 ×10−3 [u˜L3]2 τ→eK¯∗0
131 333 2.7 ×10−3 [u˜L3]2 B0d→eτ¯ 5.9 ×10−3 [u˜L3]2 B0d→eτ¯ Upd. [27]
132 133 4.1 [u˜L3]
2 B0s→ee¯ 4.3 ×10−4 [u˜L3]2 b→see¯ Unimp. [28]
TABLE XIII: Bounds on (λ′ijkλ′lmn) continued.
20
(λ′ijk λ′lmn) From this work Previously published
ijk lmn Bound Decay Bound Decay Key
132 231 2.7 ×10−7 [u˜L3]2 K0L→µe¯/eµ¯ 3 ×10−7 [u˜L3]2 K0L→µe¯/eµ¯ †(−) Agr. [26]
132 232 76 [u˜L3]
2 η→µe¯+ eµ¯ none n/a New
1.1 ×10+5 [u˜L3]2 η′→µe¯
132 233 9.4 ×10−3 [u˜L3]2 B0s→eµ¯ 2.7×10−4 [u˜L3]2 b→seµ¯ Unimp. [28]
132 331 2.3 ×10−3 [u˜L3]2 τ→eKS 2.7×10−3 [u˜L3]2 τ→eK0∗ Upd. [45]
2.9 ×10−3 [u˜L3]2 τ→eK∗0
132 332 1.2 ×10−3 [u˜L3]2 τ→eη none n/a †(−) New
3.4 ×10−3 [u˜L3]2 τ→eφ
133 231 1.6 ×10−3 [u˜L3]2 B0d→µe¯ 4.7×10−3 [u˜L3]2 B0d→µe¯ Upd. [27]
133 232 9.4 ×10−3 [u˜L3]2 B0s→µe¯ 2.7×10−4 [u˜L3]2 b→sµe¯ Unimp. [28]
133 331 2.7 ×10−3 [u˜L3]2 B0d→τ e¯ 5.9×10−3 [u˜L3]2 B0d→τ e¯ Upd. [27]
211 213 5.4 ×10−4 [u˜L1]2 B0d→µµ¯ 2.1×10−3 [u˜L1]2 B0d→µµ¯ Upd. [27]
211 311 1.6 ×10−3 [d˜R1]2 τ→µη 4.4×10−3 [d˜R1]2 τ→µρ0 Upd. [45]
1.8 ×10−3 [d˜R1]2 τ→µπ0
4.3 ×10−3 [d˜R1]2 τ→µρ0
211 311 1.6 ×10−3 [u˜L1]2 τ→µη 4.4×10−3 [u˜L1]2 τ→µρ0 †(−) Upd. [45]
1.8 ×10−3 [u˜L1]2 τ→µπ0
4.3 ×10−3 [u˜L1]2 τ→µρ0
211 312 2.4 ×10−3 [u˜L1]2 τ→µKS none n/a New
3.6 ×10−3 [u˜L1]2 τ→µK¯∗0
211 313 1.6 ×10−3 [u˜L1]2 B0d→µτ¯ 7.3×10−3 [u˜L1]2 B0d→µτ¯ Upd. [27]
212 213 1.0 ×10−3 [u˜L1]2 B0s→µµ¯ 4.6×10−5 [u˜L1]2 B0d→K0µµ¯ Unimp. [30]
212 311 2.4 ×10−3 [u˜L1]2 τ→µKS 3.4×10−3 [u˜L1]2 τ→µK0∗ Upd. [45]
3.6 ×10−3 [u˜L1]2 τ→µK∗0
212 312 1.6 ×10−3 [d˜R2]2 τ→µη 4.4×10−3 [d˜R2]2 τ→µρ0 Upd. [45]
1.8 ×10−3 [d˜R2]2 τ→µπ0
4.3 ×10−3 [d˜R2]2 τ→µρ0
212 312 9.2 ×10−4 [u˜L1]2 τ→µη none n/a †(−) New
3.4 ×10−3 [u˜L1]2 τ→µφ
213 311 1.6 ×10−3 [u˜L1]2 B0d→τµ¯ 7.3×10−3 [u˜L1]2 B0d→τµ¯ Upd. [27]
213 313 1.6 ×10−3 [d˜R3]2 τ→µη 4.4×10−3 [d˜R3]2 τ→µρ0 Upd. [45]
1.8 ×10−3 [d˜R3]2 τ→µπ0
4.3 ×10−3 [d˜R3]2 τ→µρ0
TABLE XIV: Bounds on (λ′ijkλ′lmn) continued.
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ijk lmn Bound Decay Bound Decay Key
221 223 5.4×10−4 [u˜L2]2 B0d→µµ¯ 2.1 ×10−3 [u˜L2]2 B0d→µµ¯ Upd. [27]
221 321 2.9 [d˜R1]







221 321 1.6×10−3 [u˜L2]2 τ→µη 4.4 ×10−3 [u˜L2]2 τ→µρ0 †(−) Upd. [45]
1.8×10−3 [u˜L2]2 τ→µπ0
4.3×10−3 [u˜L2]2 τ→µρ0
221 322 2.4×10−3 [u˜L2]2 τ→µKS none n/a New
3.6×10−3 [u˜L2]2 τ→µK¯∗0
221 323 1.6×10−3 [u˜L2]2 B0d→µτ¯ 7.3 ×10−3 [u˜L2]2 B0d→µτ¯ Upd. [27]
222 223 1.0×10−3 [u˜L2]2 B0s→µµ¯ 4.6 ×10−5 [u˜L2]2 B0d→K0µµ¯ Unimp. [30]
222 321 2.4×10−3 [u˜L2]2 τ→µKS 3.4 ×10−3 [u˜L2]2 τ→µK0∗ Upd. [45]
3.6×10−3 [u˜L2]2 τ→µK∗0
222 322 2.9 [d˜R2]









222 322 9.2×10−4 [u˜L2]2 τ→µη none n/a †(−) New
3.4×10−3 [u˜L2]2 τ→µφ
223 321 1.6×10−3 [u˜L2]2 B0d→τµ¯ 7.3 ×10−3 [u˜L2]2 B0d→τµ¯ Upd. [27]
223 323 2.9 [d˜R3]









231 233 5.4×10−4 [u˜L3]2 B0d→µµ¯ 2.1 ×10−3 [u˜L3]2 B0d→µµ¯ Upd. [27]
231 331 1.6×10−3 [u˜L3]2 τ→µη 4.4 ×10−3 [u˜L3]2 τ→µρ0 †(−) Upd. [45]
1.8×10−3 [u˜L3]2 τ→µπ0
4.3×10−3 [u˜L3]2 τ→µρ0
231 332 2.4×10−3 [u˜L3]2 τ→µKS none n/a New
3.6×10−3 [u˜L3]2 τ→µK¯∗0
231 333 1.6×10−3 [u˜L3]2 B0d→µτ¯ 7.3 ×10−3 [u˜L3]2 B0d→µτ¯ Upd. [27]
232 233 1.0×10−3 [u˜L3]2 B0s→µµ¯ 4.6 ×10−5 [u˜L3]2 B0d→K0µµ¯ Unimp. [30]
232 331 2.4×10−3 [u˜L3]2 τ→µKS 3.4 ×10−3 [u˜L3]2 τ→µK0∗ Upd. [45]
3.6×10−3 [u˜L3]2 τ→µK∗0
232 332 9.2×10−4 [u˜L3]2 τ→µη none n/a †(−) New
3.4×10−3 [u˜L3]2 τ→µφ
233 331 1.6×10−3 [u˜L3]2 B0d→τµ¯ 7.3 ×10−3 [u˜L3]2 B0d→τµ¯ Upd. [27]
TABLE XV: Bounds on (λ′ijkλ′lmn) continued.
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APPENDIX A: MESON DECAY CONSTANTS
We have defined the decay constants of vector and pseudoscalar mesons through
〈0|q¯αγµqβ|V (pV )〉 ≡ HαβV fVmV ǫµV (A.1)
and 〈0|q¯αγµγ5qβ|P (pP )〉 ≡ iHαβP fPpµP , (A.2)
where HαβV/P is the coefficient of q¯αqβ in the quark model wavefunction of the meson. As H
αβ
V/P
is not standard notation we shall describe it in some detail. Firstly, it is only of relevance to the
light mesons composed of u, d, s-quarks, as it is assumed that the charmed and bottom meson
wavefunctions consist entirely of one quark bilinear, e.g. D0 is entirely d¯c, so HdcD0 = 1 and all
other Hαβ
D0
= 0. Hence for mesons which are not part of the light SU(3)uds octet or singlet,
HαβV/P = 1 for the relevant α and β. Similarly for the charged light mesons, e.g. K
+ is entirely
s¯u, hence HsuK+ = 1. For the neutral light mesons, we obtain H
αβ
P from the standard PDG [18]





q|P b(p)〉 = iδabfPpµ , (A.3)
where q is the vector q = (u, d, s)T , and a, b are SU(3)-flavour indices. P b(p) = q¯λbq denotes a
basis vector of the eight-dimensional representation of flavour SU(3), and λa are the Gell-Mann




= 2δab; also here λ0 is defined as 1/√3 times the three–
by–three identity matrix). To relate (A.2) and (A.3) we note that the quark bilinears q¯αqβ can











Expressing the physical meson states |P 〉 in terms of the basis states |P b〉, we arrive at the























and hence Huupi0 =
1/√2. Note that with our definition (A.3) fpi = 130 MeV.
In our numerical analysis we take into account η0-η8 mixing, so η and η′ are not exactly 1/√6(u¯u+
d¯d − 2s¯s) and 1/√3(u¯u + d¯d + s¯s), but mixtures with a mixing angle θη = −11.5◦ = 0.052













η 0.515(u¯u+ d¯d)− 0.685s¯s
η′ 0.484(u¯u+ d¯d) + 0.729s¯s
φ s¯s
TABLE XVI: Non–trivial quark bilinear coefficients.
ideal mixing, so that φ = s¯s and ω = (u¯u + d¯d)/
√
2. The non-trivial coefficients HαβP can be
read off the quark bilinear coefficients listed in Table XVI. The HαβV are defined to be the same
as the HαβP for their pseudoscalar counterparts.
Let us now discuss the derivation of the pseudoscalar matrix element from the axial vector
matrix element (A.2) in its general form
√
2〈0|Aaµ(x)|P b(p)〉 = iδabfP pµexp(−ip·x) , (A.6)
with Aaµ = q¯γµγ
5 1
2λ
aq. Applying ∂µ to both sides leads to
√



































Combining this result with equation (A.7) at x = 0 leads to
〈0|q¯γ5 1
2





























































so that µuupi0 = −2mu and analogously µddpi0 = 2md. We note that this result is in disagreement
with [52].
APPENDIX B: FEYNMAN GRAPHS AND MATRIX ELEMENTS
In this Appendix we present the Feynman graphs and matrix elements of the various decays.
1. Charged lepton decaying into two charged leptons and one charged anti-lepton











The matrix element for this decay is given by
















2. Charged lepton decays into a charged lepton and a neutral vector meson
Charged leptons can decay into a vector meson and a charged lepton through the exchange of












The matrix element for this process is given by
iMli→lk+V =
〈out states|([−iλ′ijnd¯nRliLu˜jL][−iλ′∗ktm l¯kLdmR u˜t∗L ] + [−iλ′imj liLumL d˜jR][−iλ′∗kntu¯nLl¯kLd˜t∗R ])|in states〉
(B.2)
After some use of Fierz identities (and dropping the left/right subscripts on the squarks, as only
“left–handed” up–type squarks or “right–handed” down–type squarks appear) we find






j u˜t∗d¯n(γµ + γµγ5)dm
−λ′imjλ′∗kntd˜j d˜t∗u¯n(γµ − γµγ5)um][l¯kPRγµli]|in states〉 (B.3)
Contracting the meson state with the quark bilinear results in




















































×[u¯(plk)PRγµu(pli)]f∗VmV ǫ∗V µ (B.4)
where we have introduced the notation
∑
d–type to mean only summing over the down–type
quarks in the meson and
∑
u–type to mean summing over the up–type quarks. The m and
n in HmnV are the generation indices of the appropriate quarks and can be used in standard
26
summation convention with the m and n appearing in the coupling indices. For example, for























































ρ0 + . . .)
i
m2u˜g









































3. Charged lepton decays into a charged lepton and a neutral pseudoscalar meson
In addition to the two diagrams above, which can lead to pseudoscalar mesons as well as vector








The contribution from the squark–mediated diagrams is given by
iMq˜







−λ′imjλ′∗kntd˜j d˜t∗u¯n(γµ − γµγ5)um][l¯kPRγµli]|in states〉 (B.6)
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Contracting the meson state with the quark bilinear one finds
iMq˜




















































The contribution from the sneutrino–mediated diagrams is given by
iMν˜li→lk+P = 〈out states|[l¯ki(λjikPLν˜j + λ∗jkiν˜j∗PR)li]
















noting that the sneutrino does not couple to up–type quarks.
For the case of a meson decaying into a lepton and an anti–lepton, the matrix elements are
identical up to making the appropriate index substitutions in the couplings.
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